NADPH oxidase 4 mediates upregulation of type 4 phosphodiesterases in human endothelial cells.
The protective actions of prostacyclin (PGI(2) ) are mediated by cyclic AMP (cAMP) which is reduced by type 4 phosphodiesterases (PDE4) which hydrolyze cAMP. Superoxide (O2(-)) from NADPH oxidase (Nox) is associated with impaired PGI(2) bioactivity. The objective of this study, therefore, was to study the relationship between Nox and PDE4 expression in human umbilical vein endothelial cells (HUVECs). HUVECs were incubated with the thromboxane A(2) analog, U46619, 8-isoprostane F(2α) (8IP), or tumor necrosing factor alpha (TNFα) [±iloprost (a PGI(2) analog)] and the expression of PDE4A, B, C, and D and splice variants thereof assessed using Western blotting and qPCR and mRNA silencing of Nox4 and Nox5. Effects on cell replication and angiogenesis were also studied. U46619, 8IP, and TNFα increased the expression of Nox 4 and Nox 5 and all PDE4 isoforms as well as cell replication and tubule formation (index of angiogenesis), effects inhibited by mRNA silencing of Nox4 (but not Nox5) and iloprost and rolipram. These data demonstrate that upregulation of Nox4 leads to an upregulation of PDE4A, B, and D and increased hydrolysis of cAMP which in turn augments cell replication and angiogenesis. This mechanism may be central to vasculopathies associated with endothelial dysfunction since the PGI(2)-cAMP signaling axis plays a key role in mediating functions that include hemostasis and angiogenesis.